I T HAS RECENTLY BEEN DEMONSTRATED (I) that oxygen
traverses the renal circulatory system considerably more rapidly than do the red blood cells, which are the most rapid components of the blood which ordinarily remain within the vascular compartment (z-4). This phenomenon was interpreted to signify that oxygen must diffuse from some point upstream in the renal vascular system to a point further downstream, thereby bypassing a section of the circulatory bed. It was conjectured that, because of their anatomical configuration, the vasa recta of the renal medulla constituted the most likely site for such diffusion to occur. A more recent study (5) , however, failed to reveal any significant difference between the more superficial (outer cortex) and the deeper (inner cortex plus medulla) zones of the kidney relative to the manner in which the rate of oxygen consumption varies with renal blood flow. In both regions, the A-V oxygen difference remains quite constant as renal blood flow is progressively reduced. Since the possibility exists that the relative constancy of renal oxygen extraction is partially dependent on shunting of oxygen from one point in the vascular system to a point further downstream, the present study was designed to test whether such diffusion might occur in both zones of the kidney. These zones were functionally isolated from each other by inducing stratified hypothermia.
METHODS

Seven experiments
were performed on isolated, perfused, canine kidneys prepared in a manner previously described (5, 6) . The kidney was perfused with arterial blood continually supplied from a peripheral artery of the same dog from which it was excised. Circulation was usually interrupted for no longer than 3 minutes in the process of transferring it to a thermoregulated saline bath. The arterial blood was conducted from a femoral artery through a coil-type condenser in its route to the renal artery. This permitted controlling the temperature of the arterial blood entering the kidney. The temperature at points 4, IO and I 5 mm beneath the renal capsule, as well as that of the kidney bath and of the renal arterial blood, was registered from thermistor probes on one channel of a Sanborn direct-writing recorder. By means of a motor-driven selector switch, the complete cycle of temperature measurements was repeated twice per minute.
Pressure at the renal artery and renal venous outflow were recorded as previously described (5, 6) .
Cooling of the superficial regions of the kidney was accomplished simply by replacing the normothermic saline in the kidliey bath with refrigerated saline (approx. IoOC).
Simultaneously, the arterial blood temperature was usually elevated by I ' or 2OC to maintain the temperature at the deepest probe approximately at the control level. The deeper regions of the kidney were cooled by running cold tap water through the jacket of the coil-type condenser. The kidney bath temperature was usually elevated slightly at the same time to maintain the temperature at the most superficial probe at the control level.
In five of the seven experiments, the occurrence of oxygen shunting was ascertained by the same method as previously described ( I ). Methemoglobinemic erythrocytes were prepared by treatment with I % sodium nitrite. After three saline washes, these cells were added to normal blood, and the mixture was equilibrated with g5 % 02, 5 % COZ. Either 3 or 4 ml of this mixture was introduced into the renal artery at a constant rate of I ml/min.
by means of a motor-driven syringe. The optical density of renal venous blood was continually recorded at 630 rnp by means of a cuvette densitometer. At this wavelength, increased oxygen saturation decreases optical density, while increased methemoglobin content increases the density. If a marked excess of oxygen or methemoglobin were present, its effect on the total optical density of the renal venous blood would mask the influence of the other constituent, since the effect of the mixture represents the algebraic sums of the curves recorded by injecting each component separately (I ). Therefore, a suitable mixture was prepared by trial and error until a definite diphasic curve was recorded in the totally normothermic kidney.
Sixty milliliters of such a mixture was then prepared and placed in three sealed zo-ml syringes, which were then stored in a water bath at 37'C.
With the saline bath and arterial blood both at normothermic levels, several curves of optical density of renal venous blood were recorded after the successive injections of 3-or 4-ml aliquots of this mixture into the renal arterial blood stream at a rate of I ml/min.
by means of a constant-rate infusion pump. The more superficial regions of the kidney were then rendered hypothermic by cooling the saline bath. After temperatures had stabilized (usually within [5] [6] [7] [8] [9] [10] min.) the second syringe was inserted into the infusion pump, and the optical density of renal venous blood was recorded after injections of identical volume, rate, and composition were introduced into the renal arterial blood stream. Finally, the saline bath was restored to its original temperature, and the renal arterial blood was cooled. After renal temperatures had again stabilized, the third syringe was installed in the infusion pump, and a final series of curves were similarly secured. The sequence of cooling the kidney bath and arterial blood was alternated in successive experiments.
In the two remaining experiments, the procedures were identical, with the exception that the passage of red cells through the kidney was signaled by a change in their concentration, rather than by production of methemoglobin.
This was done to rule out the possibility that the methemoglobinemic erythrocytes might pass through the kidney more slowly than the normal red cells. To prepare the mixtures for injection into the renal artery, an aliquot of arterial blood was centrifuged, approximately half of the plasma was withdrawn and returned to the dog, and the remaining blood of higher hematocrit ratio was equilibrated with g5 % 02, 5 % co2.
RESULTS
In figure  I are reproduced segments of original records obtained from one of the two experiments in which blood with high hematocrit ratio and high oxygen tension was injected into the renal artery. In the records in segment a, the temperatures (T) at 4-, IO-and I 5-mm depths were 4o", 38" and 38"C, respectively. Renal venous outflow (F) was 173 ml/min., The changes in optical density of renal venous blood were directionally the same, but greater in magnitude, than in the two previous segments. In all of the experiments in this series, similar diphasic curves of optical density of renal venous blood were recorded.
When methemoglobin was used to label the red cells, the curves resembled those in figure I in which the cells were marked by increased concentration. The initial deflection was always upright, signaling the predominant optical effect of increased oxygen saturation, and the later deflection was downward, marking the predominant influence of methemoglobin or increased red cell concentration.
This occurred when the entire kidney was normothermic as well as when either the superficial or deep regions were selectively cooled. The configuration and time relationships of the curves usually differed under the three temperature conditions, but the diphasic character was neither emphasized nor attenuated consistently by cooling either the more superficial or deeper regions of the kidney.
DISCUSSION
In a previous study (6) , in which the experimental conditions for perfusion of the isolated kidney were virtually identical with those of the present experiments, a homogeneous reduction of temperature of the entire isolated kidney to 25'C resulted in a decrease of flow to approximately 45 % and of oxygen consumption to about 28 % of the normothermic values. In the present study, by cooling of either the kidney bath or renal arterial blood, the temperatures of the more superficial or deeper zones of the kidney were reduced to at least this temperature.
Therefore, in whichever region the temperature was selectively diminished, it may be anticipated that the rate of blood flow was diminished and, of even greater importance, that the oxidative metabolism was severely depressed. On this basis, it is probable that the oxygen tension gradient from arterial to venous capillary segments would be diminished in the hypothermic zone. Furthermore, the blood flow to this zone would be curtailedj so that the relative contribution of this zone to the total renal venous outflow would be reduced.
Also, consequent to the decreased velocity of flow, any evidence of oxygen shunting in the hypothermic zone would be delayed and hence lost in the later portions of the densitometer tracing recorded from the renal venous blood.
The variations in temperature experimentally produced in the present study do not divide the kidney sharply into two distinct zones, but produce continuous temperature gradients.
On the basis of evidence previously discussed (5), it is probable that cooling the kidney bath severely depresses the outer zone of the cortex, while lowering the temperature of the renal arterial blood exerts its predominant effect on the medulla and inner zone of cortex. Since the diphasic character of the densitometer tracing was equally prominent under either set of temperature gradients, it is probable that oxygen diffusion occurs in both superficial and deeper zones of the kidney.
When segment c of figure I was recorded, it is probable that only the outer portion of the renal cortex was normothermic, while the medulla and inner cortex were severely hypothermic.
The diphasic densitometer tracing strongly suggests that oxygen must be bypassing a portion of th e vascular pathway in the outer renal cortex. Although it is widely recognized that the individual capillaries of the renal medulla are arranged in the form of ' hairpin loops,' it is usually not realized that also the peritu possesses bul ar capillary plexus in the renal cortex a hairpin-like configuration (7) Oxford,
